Two Portuguese aerial navigators, Gago
Introduction
Although aviation had already captured the imagination of people throughout the world since the Wright Brothers and Santos Dumont, before 1922 (First Flight from Europe to the South Atlantic), there were no scientific methods of astronomic navigation that could allow flying out of sight of land accurately; instead, all the existing navigational devices were from maritime application and could not be applied to aviation due to the difficulty of the sky-line definition at a normal flight altitude. First transatlantic flight occurred between United States and Europe in 1919, performed by Commander Albert C. Read; for this journey U.S. Navy decided to dispose 60 warships along the route and to use directional TSF (radio communications) in the case that the weather conditions did not allow to catch sight of the projectors. Two weeks later, John Alcock and Arthur Brown using TSF, performed a flight between Newfoundland and Ireland on a non-stop flight in 16 hours in a Vickers Vimy IV twin-engine bomber Rolls Royce Eagle Engine, each of 360 hp ( Figure 1 [1] ). In spite of the Arthur Brown aerial navigation skills only few observations were made revealing that they had only a limited confidence in the results. In fact, the navy sextant in conjunction with the compass, were the existing navigation devices for more than two centuries. Although the maritime sextant could not be used in air navigation, Gago Coutinho predicted that its accuracy would be a vital instrument onboard the airplanes and would allow the continued positioning of aircraft outside the range of radio frequencies, turning possible the flights over oceans without the aid of ships. The art and science of conducting ships, requires theoretical and practical knowledge to determine the successive positions from departure till its destination. Professional sextants use a click-stop degree measure and a worm adjustment that reads to a minute, 1/60 of a degree. Most sextants also include a vernier on the worm dial that reads to 0.2 minute. Since 1 minute of error is about a nautical mile (at the equator line), the best possible accuracy of celestial navigation is ~0.1 nautical miles (185.2 m). At sea, results within several nautical miles, well within visual range, are acceptable. A highly-skilled and experienced navigator could determine position to an accuracy of ~0.25 nautical mile (~463 m) [2] . 
Scientific Aircraft Navigation Devices Developed and Tested by Portuguese
Both "path corrector" and precision sextant devices were tested during short flights between 21 July 1920 and 21 January 1921, complemented by the use of Auss tables, or with the collection of Houel tables. In 1920 Sacadura was appointed to serve on the Comissão Mista de Aeronáutica. In the same year, he and Pedro Rosado went to Calshot, Southampton, United Kingdom to acquire two hydroplanes F3 Felixtowe (with 4017 and 4018 numbers). These seaplanes were then prepared for the Lisbon-Funchal voyage. On 22 March 1921 with the help of the precision instruments and with Gago Coutinho, Ortins de Bettencourt and Roger Soubiran onboard, Sacadura Cabral performed an experimental flight from Lisbon to Madeira (520 nautical miles). The trajectory should be a perfect straight line and to verify the position of the aircraft three ships were used to control its position. The result was a complete success voyage with 7 h 30 m of duration and pilots started to believe that they were prepared to initiate Portuguese transatlantic flights, on the case from Lisbon, Portugal to Rio de Janeiro, Brazil, through Cape Verde and Fernando de Noronha Islands. Over all, they sought to prove that air navigation could be just as accurately pursued as sea navigation, by deploying sextants and other available astronomical devices [2] . with a Fairey FIII-D single Rolls-Royce engine seaplane called "Lusitânia" (Figure 3 ). The flight had to be carried out in several stages as a result of flight range limitations of the seaplane; nevertheless, Gago Coutinho and Sacadura Cabral managed to perform the First Flight from Lisbon (Portugal) to Rio de Janeiro (Brazil). A first major problem happened when trying to sea land near Penedos (Saint Peter and Saint Paul Archipelago near the Brazilian Coast) where the ship "República" was positioned in order to refuel the seaplane "Lusitânia"; one of the floaters of the seaplane was destroyed by the crest of a wave and the seaplane tilted and sank shortly after. The Portuguese government decided to help the navigators: for this, a second seaplane named "Portugal" was delivered to Sacadura and Coutinho as a way to allow the pilots to complete their flight journey; in its first flight stage, nearly seven hours after take-off, the engine stopped due to fuel carburation hiccups, leading to a forced sea landing; meanwhile the floaters began to sink slowly; Coutinho and Cabral were rescued by a British freighter. 
The Origins of Scientific Aircraft Navigation
Artur de Sacadura Freire Cabral was born in 23 of May 1881 in Celorico da Beira, Portugal. In late 1890s, he worked as a topographer in Mozambique. In 1910, Cabral became graduated at the Portuguese Naval Academy. He was sent to France in 1916 in order to obtain a pilot license; shortly after he earned his pilot's license. He returned to Portugal and was appointed Commander of Bom Sucesso Naval Center and latter A great advantage to anyone accustomed to the sea, as the Navy officials, is the fact that the simple visual observation, when in a small heights, provides a very approximate wind direction and its strength to the nearest 2 to 4 miles. It allows an approximated idea of the wind drift. Whatever the instrument for astronomical observations, the use of the artificial horizon is subjected to an error in the vertical momentum, such error not exist when we observe the horizon at sea. The instrument to be used in air navigation must be a sextant that allows observing the sea horizon as well as the artificial horizon. With regular weather, the sea horizon is good to see at about 30 m of height and generally there are no problems to descend to this altitude during the short time necessary to observe the heights of the stars. In general, the estimated navigtion was made in More in detail, drawing a C'F' line, parallel to AB, and drawing a distant point C and with the centre at point A and radius AB, drawing the arc of a circle until find the C'F' line. From point C' drawing a parallel C'B' to BC, with the same length, which will represent the wind speed. Thus, if changed the path of the angle BAC' and run for one hour the path AC', the wind at this time(one hour) will run from C' to B', which can really permit to follow from A to B' following in the primitive direction AB and therefore with the useful speed equal to AB'. The C'AB' angle will be the final wind drift.
Greatness is determined by the distance from point C to line AB, that is, by his sin, being the radius unity the value of the airplane speed. All winds represented by a line starting at point B to the direction to line CF will require the same rerouting represented by the angle C'AB; but the useful speed AB' will vary with the strength and direction of wind. Marking from the point B' an extension of the line B'B, one length B'N equal to the desired speed AB; NB = AB' and BC = B'C'; the triangle NBC = AB'C'; the flank AC' = CN; therefore, NB' = NC. The NC arc of circle with centre at N, the points will pass in B' and C' [2] . Same reasoning can be done if the wind is represented by line BD, starting from point B to the arc of circle B'DC; in this case the parallel B'D' = BD would cut straight the arc of circle BC' at the point D' that will be at the same distance D to the line AB. Thus, if the wind is BD, and the useful speed of the aircraft would be AB', and as the first case studied, with the wind BC, or with any wind or represented by a line starts at point B and ending at the circle arc BC. This arc is the geometric place of the ended lines, which represents all the winds, which starting at point B, and combined with the speed of the plane (AB), allow the use of the same final speed AB', in the desirable direction to fly, AB'. Dividing the length AB in 10 equal parts and in each of these points of division draw arcs of circles with radius AB, and with their centres in the extension of BN, from AB, it could be concluded that by simple inspection, which is the useful speed in tenths of a fraction of the own speed of the aircraft, for each of the winds which, in direction and speed we can imagine. Similarly as already deduced, the parallel lines to AB, that have distance equal to the sine of its angles, ranging for example from 5 by 5 degrees, will give the wind drift to correct, in a way to make the plane fly really this direction, with the lateral action of wind. The path corrector provides observations of wind drift in two directions, one being what will be pretended to navigate, and the other, a path 45 degrees related to the dominant wind on top. Two pointers moving around two points, which represent the points A and A' of Figure 6 , marking their graduation to the wind drift observed, with the respective sign: angles measured by the right side of the airplane, are marked with plus sign, because it indicates the need for course correction, adding the wind drift to get the path that should be navigated. For similar consideration, the wind drift measured by the left side of the aircraft, are marked with minus signal. For simplification of the instruments, only will be considered wind drifts with the plus signal in the first direct observation of the course, and the positive or negative wind drifts in the 2 nd direction that supply positive final corrections [2] . Generally, it could be used the plus signal of the second pointer when both wind drifts are observed by the same side of the airplane, and the minus signal in the same pointer when the wind drifts are read by different sides of the airplane. A course correction may be made without consideration of the signal, because the wind drift is made by yawing from which side the wind blows. As was used in aviation and in some marine vessels at that time, the directions were counted from 0 to 360 degrees, from North to East, South and West, in a clockwise direction. In celestial navigation, it was used a medium stopwatch, marking the Greenwich Time, and an average medium counter. In the prediction of astronomical observations during the night, a stopwatch was used to adjust the sidereal time of Greenwich [2] . The Deutsche Lufthansa created an air navigation course in the Naval School of Lubeck, where they thought the Coutinho's sextant and its new path corrector. Nissen [4] managed to expand the path corrector on air navigation above land, the Coutinho-Fr. Nissen path corrector (Figure 7 ).
In the IV Congress of the International Air Navigation, Rome, 1927, Coutinho and Castilho, the Portuguese delegates presented and defended the Portuguese methods. In 1932 also in Rome, in the I International Congress of Transoceanic Aviators highest honors were given at the Portuguese crossings of the South Atlantic and their methods of navigation. It was used by many of the major airlines of the world throughout the 1930's [10] . Figure 8 illustrates a precision sextant of Gago Coutinho (1922). The calculation of the position by the observation of celestial bodies requires knowledge about the altitude of the airplane, which may be concluded from the observation of the aneroid or by the apparent shadow of the wings of the airplane on the sea, whose size was known. The navigators were carrying special tables, to help measure the altitude of the airplane. Represented in these tables was the height of the Sun. The tables provide a coefficient to multiply by the cotangent angle of the shadow, measured from the sextant, never using the altitude of horizon clouds. From the observation of the height and time, it could be concluded the line of height, by the resolution of the spherical triangle of position. The formula, with which the navigators were more familiarized, was in essence the general formula:
The Precision Sextant
where: A ⇒ Height; L ⇒ Latitude; D ⇒ Declination, and P ⇒ Polar distance of the star. Working the equation other parameters could be found: And defining equations in order to sin A:
For the calculation of azimuth, it was used:
In order to avoid disadvantages of the use of maps with different scales, the navigation was planned and carried out by a special map, designed specifically in cardboard, on which used the secant conical projection and a constant scale of 1/2 mm per mile. The line of navigation to follow was designed in red and the lines of time were marked with a protractor graduated in mm (2 miles). On the eve of each trip it was calculated values of S and T for each of the estimated points. Then a table were made and preached in front of the observer. In this table was also the secant value of D, to calculate the azimuth. With S and T values tabled, and with the search of logarithm of secant P, and with the use of the Auss tables, or the collection of Houel tables, it could be solved quickly the calculation of the estimated height and the calculation of the azimuth to the reference point, which was chosen in the navigation card [2] . After the First Flight from Europe to the South Atlantic, Gago Coutinho worked almost daily in perfecting his sextant and began to share with Jorge Castilho all the improvements that might be introduced in that device. This subject would be of Castilho's particular interest since a long Portuguese Aerial Journey was being prepared by Sarmento Beires whereas Castilho should be invited as a navigator and would use the Sextant "System Admiral Gago Coutinho". Beires had already tried an Aerial Circumnavigation flight attempt in 1924, which became known as the First Aerial Journey from Portugal to Macau [12] . The improvements on the sextant were namely: build a left handed sextant, freeing thus the right hand for immediate annotation of heights and time, eliminating all memory resources; a special lunette inclusion for stargazing, making the device suitable for more stringent observations and maintaining its scientific certainty during all 24 hours of the day; the detection of a star (or a planet) and its respective adjustment became made simultaneously with a single screw, by the inclusion of a screw adjustment step ( Figure 9 ). In 1926 Jorge Castilho performed several flights in order to rehearse and practice the methods and devices of celestial navigation. For that purpose on 8 March 1926 Sarmento Beires, Pais Ramos, Jorge Castilho and Manuel Gouveia, taken off in two aircrafts Napier Vickers and flew Amadora-Morocco-Amadora. In addition to testing the sextant, the four hundred kilometers to each side of this trip most of the time without land sighting revealed that Jorge Castilho possessed the required competence for long range flights [13] [14] . During the night from 16 to 17 March 1927 a Portuguese crew flew 2,595 km over the Atlantic Ocean from Guinea, Africa to Fernando de Noronha Island, Brazil. The flight was made only by astronomical processes navigation resources that proved again to be absolutely feasible and trustworthy, regardless day or night lighting conditions. Jorge Castilhowrotein his report: "... Creio que foi a primeira vez que um avião passou uma noite inteira a voar sobre o mar e sem ter para se orientar outro recurso além dos processos astronómicos que se mostrou serem absolutamente praticáveis e dignos de confiança..."; "[...I believe it was the first time that an airplane flew an entire night over the ocean having for its guidance resources only astronomical processes which proved to be absolutely feasible and trustworthy...]" [13] [14].
Foreign Credits to the Scientific Aircraft Navigation Portuguese Devices

Conclusion
Two Portuguese aerial navigators, Gago Coutinho and Sacadura Cabral, crossed for the first time, from Europe to the South Atlantic in 1922; they developed and used for the first time scientific methods of astronomic navigation when flying out of sight of land: a path corrector and a precision sextant. Both navigation devices were tested during short flights from Lisbon to Madeira Island (1921) and the encouraging results obtained, allow the navigators to apply them with quite success into an intercontinental flight. The "path corrector" was invented by Sacadura Cabral and Gago Coutinho with the intent to calculate graphically the angle between the longitudinal axis of an airplane and the direction of flight, taking into account the intensity and the direction of the winds. The regular sextant used by the navy could not be applied to aviation due to the difficulty of the definition of the sky-line at a normal flight altitude. Gago Coutinho developed a new model of sextant that could be used to measure the altitude of a star without the need of the sea horizon; this new device was called "precision sextant" and was improved with an artificial horizon line defined with the help of a water bubble. This device was later improved with an internal illumination system to allow its use during night flights and was used along the First Aerial South Atlantic Night Crossing, in 1927, performed by Portuguese airmen Sarmento Beires, Jorge Castilho, Duvalle Portugal and Manuel Gouveia. An advanced version of this instrument started to be manufactured in Germany by C. Plath under the name of "System Admiral Gago Coutinho". The original problem proposed to encourage the dedication to the development of estimated air navigation in order to overcome the technical and material weaknesses at that time, was solved. It was proved to be easier for other navigators with less experience, make great travels crossing the sea, using only the astronomical observations, at least in regions without cloudy sky. It will be sufficient to use processes and tools similar to those used and described, which could be improved and which are adapted to the sea navigation. And without cloudy sky, from 1927 onwards, pilots could manage to fly along 24 hours a day regarding every light condition.
